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ABSTRACT

Reports on peptides that are rich in D-alanine indicate that peptides with this
structural motif adopt a specific secondary structure.

In this study, two cyclic

tetrapeptides cyclo[Leu-D-Ala], where Xaa is Glu or Lys, was studied by circular
dichroism (CD).

The conformational stability of these peptides was investigated by

varying the temperature, solvent, pH, and concentration of the peptide solutions. When
these conditions were varied, the CD measurements in each condition did not produce
any significant changes. The CD of both peptides exhibits two positive CD bands at 211
nm and 222 nm and a third positive CD band below 190 nm and two negative CD bands
at 200 nm and 238 nm. The general CD profile corresponds to a P-turn structure. When
the conditions were varied, the CD measurements under each condition did not produce
any significant changes.

The results of the study indicate that cyclic tetrapeptides

containing D-Ala do adopt a P-turn structure that is conformationally stable.
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CHAPTER I
BACKGROUND OF THE STUDY

INTRODUCTION

Peptides are compounds that contain less than fifty amino acids, which are joined
together by the formation of an amide bond.

These compounds are capable of being

biologically active. They act as neurotransmitters, hormones, and antimicrobial agents.
Because of their wide variety of functions, the market for peptides is rapidly increasing.
The large market for peptides has caused a large interest in the study of peptides. There
are a variety of tools that are used to study the structure of peptides. Some of these tools
include Nuclear Magnetic Resonance (NMR), Fourier Transform Infrared (FTIR)
Spectroscopy, and Circular Dichroisrn (CD) Spectroscopy. It has been proven that CD is
a powerful tool in studying the structures of peptides.

This type of spectroscopy is

capable of distinguishing secondary structures, which include a-helix, P-sheet, random
It

coil, and different types of turns in peptides. In this study, CD will be used to study the
secondary structure of two cyclic tetrapeptides and to investigate the effect of
temperature, solvent polarity, pH, and peptide concentration of these cyclic tetrapeptides.
Purpose of Study

The purpose of this research study is to investigate the secondary structure of
cyclic tetrapeptides with alternating L- and D-residues, where the D-residue is alanine.
To achieve this study, the circular dichroism (CD) of these cyclic tetrapeptides was
measured under different physical conditions, which include temperature, solvent
polarity, pH, and peptide concentration. The circular dichroism measurements of these

I
I
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two cyclic peptides were then analyzed to detennine the effects of temperature, solvent,
pH, and peptide concentration on these cyclic tetrapeptides.

Statement of Problem
Peptides have become increasingly important in a nwnber of fields due to their
wide range of functions. The structure of a peptide plays an important role in imparting
its functional role.

Some peptides are rigid whereas others are flexible and can adopt

more than one conformation. If the conformation of a peptide is not stable when it is
introduced to certain physical conditions, then the peptide may not be able to perform its
function. Therefore, studies directed towards investigating the structure of peptides are
necessary for a better understanding of their biological activities.

Thus, this study

proposes to analyze the secondary structure and conformational stability of two cyclic
tetrapeptides containing alternating D-Ala residues to gain a better understanding of the
secondary structure of these cyclic tetrapeptides.

!I

Hypothesis

II

lj

The hypothesis of this study is that small cyclic peptides with alternating DAlanine will adopt a specific secondary structure.

Therefore, it is expected that this

cyclic tetrapeptide structure will be fairly rigid so the CD of these peptides should not
change significantly when they are subjected to different physical conditions.

II
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I
I
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CHAPTER II
REVIEW OF LITERATURE

Occurrence and Application of Peptides
Peptides consist of amino acids, which contain an a-carbon that is connected to a
carboxylate aruon (-COO"), an ammonium cation (-NH/), a hydrogen, and a side chain (R). There are 20 amino acids, which are differentiated by their different side chains.
Figure 1 shows a generalized amino acid.

H

NH3+-- C - - -

coo-

R
Figure 1. Generalized Structural Formula of an Amino Acid
The a-carbon of an amino acid has four different substituents, thus the carbon is
chiral and it is called a stereocenter. When a molecule has a stereocenter, then it can
exist in two stereoisomer forms.

Stereoisomers are nonsuperimposable mirror images

known as enantiomers. The two types of enantiomers are (D) and (L). If a molecule
rotates plane-polarized light to the left or clockwise, then the molecule is a L-enantiomer.
On the other hand, if the molecule rotates plane-polarized light to the right or
counterclockwise, then the molecule is a D-enantiomer. Most of the naturally occurring
peptides consist of L-amino acid residues. Figure 2 shows the stereoisomers of the amino
acid, alanine.

4

H

NH

+ __
3

C

NH 3+ ■•-- C

H

--·· coo-

=

D-Enantiomer

L-Enantiomer

Figure 2. L and D Stereoisomers of Alanine
Peptides, which are amino acids linked by amide bonds, are found throughout
nature as well as synthetically produced. Both natural and synthetic peptides have been
studied for antibacterial and antifungal activity. A report by Andra et al I stated that a
class of peptides known as cecropins isolated from insects and mammals can
permeabilize the membranes of bacteria and inhibit the growth or kill yeast. Cecropins
are 30-40 residue a-helical peptides that were among of the first natural peptides that
were recognized as having antibacterial activity.

The antibacterial activity of these

peptides could lead to the development of topical therapeutics against pathogens that are
resistant to antibodies. Jacobi et ai2 also tested the toxicity of cecropins and found that
these peptides can inhibit the germination of spores of fungal pathogens as well. The
antifungal activity of these peptides could improve crop production by increasing the
crop's resistance to fungal invasion3 •4 •
. . b.ia1activity
. . of peptt"dess'6 '7' s.
antumcro

Other numerous reports also state the

5

In addition to being investigated for antibacterial and anti.fungal activity, peptides
have also been investigated as therapeutics for certain health conditions. Natural and
synthetic peptides have been used in immune intervention in cancer9' 10 .

Vaccination

protocols using natural and synthetic peptides that correspond to tumor-associated
antigens that are recognized by cytotoxic T-cells have been developed. Thymic peptides,
which participate in the regulating mechanisms of inflammatory processes as cytokine
antagonists, have been administered as therapeutics to persons suffering from chronic
pathologies and immune dysfunction 11 •

Other natural peptides as well as synthetic

peptides have also been used in irnrnunotherapy 11 . A class of natural peptides known as
melanocortins are known to modulate fever inflammation and immunity by acting within
the brain and on peripheral targets 12 •

Researchers hope to facilitate the roles and

mechanisms of these peptides for utility in neuroirnrnunotherapy.
Peptides have also been utilized in AIDS research.

It has been reported that

cysteine-linked peptide-protein conjugates permit the detection of IDV-1 and IDV-2
antibodies 13 • Not only do these conjugates detect HIV antibodies, but they also simplify
and quicken the test for detection of these antibodies without the need of any
instrumentation. A peptide known as T22, has been investigated as a possible therapeutic
against the AIDS virus. The results suggest that this synthetic peptide appears to serve as
a supplier or carrier of cysteine and zinc and/or to hinder the entry of HIV into cells,
which prevents the multiplication of the AIDS virus 14 •
In addition to serving as therapeutic agents, peptides also serve as structural
components. The lipid bilayer is a hydrophobic environment, which causes hydrophobic

6

side chains of the peptides to project out of the ring while the hydrophilic groups remain
in the ring

15

•

Peptide ion channels allow ions to diffuse across cell membranes, which is

critical for cell regulation and intercellular communication. These channels also mediate
all electrical excitability of the nervous and muscle systems 16 .

Some synthetic and ~-

sheet peptides with alternating L- and D-amino acid residues have also been
demonstrated to form ion channels in lipid bilayers 15 •17•18 •
Conformational Studies on Peptides

There are several spectroscopic techniques that are used to study the conformation
of peptides. These techniques include Nuclear Magnetic Resonance (NMR), Fourier
Transform Infrared (FTIR) Spectroscopy, and Circular Dichroism (CD).

All of these

techniques have been very useful in providing structural information on cyclic peptides.
In one particular study, NMR was used to examine cyclic hexapeptide (Pro-

Gly)319. The study showed that the cyclic hexapeptide is capable of binding metal cations
and that its conformation can vary as a function of solvent polarity. NMR was also used
to detect peptide conformational changes in a report by Ramirez-Alvarado et al20 .

In

this report, the authors studied the propensity of three peptides to form their native
structure versus the structure of the protein they were located in. Other reports have also
been used NMR to analyze the conformation ofpeptides21 · 22 · 23 •
FTIR is gaining more acceptance as a useful tool for the conformational analysis
of peptides. Advantages ofFTIR include: (1) the spectra can be obtained in a wide range
of environments, (2) its advantageous for membrane-associated peptides, (3) it does not
rely on probes, (4) the speed associated with the instrument, and (5) the cost of the

7

instrument

24

•

Jackson et ai2 5 used this FTIR to study the secondary structure of a protein

in dimethyl sulfoxide (DMSO). The authors found that at high concentrations of DMSO,
the protein unfolds and lacks any secondary structure. This tool has also been used to
study the conformation of other peptides
peptides with peptide-coated surfaces

28

26 27
•

and to study the interaction of cyclic

.

Circular Dichroism has been used extensively to study the conformations of
peptides due to the many advantages of CD over other spectroscopic techniques. This
instrument can be used in protein and peptide analysis to investigate the protein-ligand
interactions, the thermodynamics of polypeptide folding, the conformational transitions
and aggregation of proteins and peptides, the folding intermediates, and the kinetics of
protein folding 29 .
A report by Toniolo and Polese 30 studied the conformational transition between in
3 10 helical and an a-helical structure, both of which are found in antibiotics.

An a-helix

has 3.6 residues per turn and 13 atoms in the hydrogen-bonded ring, while a 3 10-helix has
3.0 residues per turn and 10 members in the hydrogen bonded loop.

The authors

suggested that CD can distinguish between conformations that are not dramatically
different. This same transition was also detected by Hungerford et ai3 1 using CD. The
detection of this transition suggests that CD has a fairly high resolution of distinguishing
the conformations of molecules.
Janek et al32 studied the secondary structure of J3-sheet peptides, which have 2.0
residues per turn and are capable of self-assembly resulting in the formation of
pathogenic, fibrallar protein amyloids (aggregates). Amyloids are characteristic features

8

of various medical disorders including neurodegenerative diseases such as Alzheimer's,
Huntington's and Creutzfeldt-Jacob's.

By using CD to study peptides containing P-

sheets, the authors found that factors such as peptide length, D-amino acid substitution,
and concentration influenced the ability of the peptides to form stable P-sheet structures.
Bush et al 33 were able to define the spectra of two P-turns of two groups of cyclic
hexapeptides using CD. The authors believe that the CD spectra of model P-turns will be
useful in characterizing the folding sequencing of peptides. Wang et ai3 4 also used CD to
study turns in the cyclic hexapeptide (Pro-Leu-Aib) 2 . a-Aminoisobutyric acid (Aib), has
been examined for its influence on the folding of the backbone and on formation of
secondary structure. In the study by Wang et al, the authors reported that the cyclic
hexapeptide corresponds to a P-turn.
Wallace35 investigated the conformation of the peptide antibiotic Gramicidin A,
which is capable of forming ionic channels in membranes, using CD. Wallace was able
to determine the effects of ion binding, the chemical modifications, and the lipid structure
of this peptide, which is capable of adopting different conformations. This study aided in
understanding the peptide's mode of action and the features that are necessary for
maintaining its structure in membranes.
Principles of Circular Dichroism

In CD spectroscopy, the light is anisotropic and circularly polarized. Circularly
polarized light is obtained by filtering ordinary light through a polarizer to give plane
polarized light. The plane polarized light is then separated into its left and right circularly
polarized components by passing it through a stress modulator. When the difference in

9

the absorption of left and right circularly polarized light is nonzero , then the CD can be
measured.

Thus, CD is the unequal absorption of left and right circularly polarized

light36 .
Circularly polarized light revolves around a propagation axis, either clockwise or
counterclockwise 36 . Left circularly polarized light forms a right-handed helix while right
circularly polarized light forms a right-handed helix. The unequal absorbance of left and
right circularly polarized light results in elliptically polarized light.

This change of

circular polarized light into elliptically polarized light is referred to as ellipticity. CD is
often expressed in ellipticity in degrees (0) where 0 = tan· 1 (b/a) where bis the minor axis
of the ellipse and a is the major axis. CD is often expressed in molar ellipticity, which is
calculated by multiplying the molar concentration of the sample by the number of amide
bonds.

~----------------- ----- -
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Figure 3 . Elliptical Polarization of Light
From David Lightner and Jerome Gurst. Organic Conformational Analysis and
Stereochemistry from Circular Dichroism Spectroscopy. © Wiley-VCR, 2000.

There are six basic components of a CD spectrophotometer.

These components

include a source, a monochromator or filter, a polarizer, a polarization modulator, a
sample, and the detector. The light from a monochromator is polarized and modulated
between left and right circularly polarized light before passing through the sample in the
quartz cell. The spectrum is scanned at wavelengths of interest using the monchromator
and then detected.
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Light Source ___.

Monochromator___. Polarizer ___. Quartz Cell ___. Detector

□

0
Figure 4. General Light Path in a CD Instrument
Circular Dichroism of Peptides

CD is a powerful spectroscopic technique for studying the conformations of
peptides37 • The secondary structure of a peptide backbone can be readily discovered
from its CD. These secondary structures include a-helix, P-sheets, P-turns, and random
coil. Figure 5 contains illustrations of some of the common peptide secondary structures.
The a-helix is the most prominent secondary structure of proteins. The CD spectrum of
an a-helix is characterized by a negative peak with minima of similar magnitude at 208
nm and 222 nm. The characterization of P-sheets has been more difficult because they
may be parallel or antiparallel and of varying lengths and width. In general, the CD of Psheets have a minima at 216 nm and a maxima of similar magnitude near 195 nm A Pturn refers to any possible tum. The CD of peptides with this conformation contains a
maxima near 225 nm and another one between 200-205 nm.
between 180-190 nm.
folding.

It also has a minimum

Random coil is the term for an unordered peptide backbone

The CD of a random coil have minima at 235 nm and below 200 nm and a

12

maxima near 218 nm. Figure 6 contains the CD spectrums that are characteristic of these
secondary structures.

"helix

(a)

/3

(b)

sheet

(c)

Figure 5. Secondary Structures of Peptides- (a) a-helix (b) P-sheet (c) 3w-helix
From Christopher Mathews, K.C. van Holde, and Kevin Ahem. Biochemistry. 3rd ed.
© Addison Wesley Longman, Inc., 2002
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Figure 6. Characteristic Spectra for Secondary Structures of Peptides
From Allison Rodger and Bengt Norden. Circular Dichroism and Linear Dichroism.
© Oxford UP, 1997.

Eight different P-turns have been characterized, with P-turn types I, II, and III
being the most common. The CD of model P-tums, which give varied CD spectra, have
been obtained primarily from studies of cyclic peptides. P-turns type I and III produce
spectra that resemble an a-helix, having a negative mr* band and a negative rut* couplet.
P-tum type II is characterized by a weak, red-shifted negative rut* band near 225 run, a
strong positive band with a maximum between 200-205 nm, and a strong negative band
between 180 and 190 nm38 . Additionally, peptides with a D-X-L-Pro sequence favor
type 11' P-turn, which gives an a-helix-like spectrum, whereas the sequence L-Pro-D-X
gives a spectrum like the mirror image of the a-helix spectrum. 39
CD is most commonly used to detect changes in the conformation of proteins,
peptides, nucleic acids, and nucleic acid-ligand systems and/or to determine the
interaction of these molecules with other molecules. There are many advantages of using
CD: (1) experiments are quick, (2) small amounts of samples are needed, (3) the sample

14

can be recovered smce the technique is non-destructive, ( 4) a wide range of
concentrations can be studied using cells with pathlengths differing by several orders of
magnitude, and (5) CD can be performed in a wide range of experimental conditions (pH,
temperature, etc.). 40

CHAPTER III
METHOD SECTION

EXPERIMENTAL DESIGN

Materials

Methyl alcohol (99.93%, HPLC grade), 2,2,2-Trifluoroethanol (95+%, NMR
grade), and tetrahydrofuran (99.5% spectrophotometric grade) were purchased from
Aldrich; water (HPLC grade), potassium phosphate (K2HP04 ) and potassium phosphate
monobasic (KH2 P04 ) were purchased from Fisher; dodecyl phosphocholine (DPC) was
purchased from Avanti Polar-Lipids, Inc.; CD measurements were conducted on an
AVIV 62DS Spectropolarimeter at the Protein and Peptide Facility at Louisiana State
University;

cyclo[Leu-D-Ala-Lys-D-Ala]

and

cyclo[Leu-D-Ala-Glu-D-Ala]

were

synthesized by Qi Nguyen and Maria Ngu-Schwemlein.
Procedure
Temperature Studies

0.4 mg of cyclo[Leu-D-Ala-Lys-D-Ala] was dissolved in 400 uL of 50% aqueous
TFE and 2 mg of cyclo[Leu-D-Ala-Glu-D-Ala] was dissolved in 2 mL of 50% aqueous
TFE to obtain a 1 mg/mL concentration of each peptide sample. The samples were
measured at -I0°C, -5°C,

o·c, 20°C, 40°C, 60°C, and 80°C.

An equilibration time of two

minutes was given to allow the samples to adjust to each temperature. The wavelength
was read from 190-260 nm. The sampling was done every 1.0 nm and the averaging time

16

was l second. Four scans at each temperature were averaged, subtracted from a 50%
aqueous TFE blank, and divided by the molar ellipticity constant.
Solvent Studies

A l mg/mL concentration of each peptide was obtained by dissolving each
peptide in water, in methanol, in TFE, and in TFE /THF (1:1), except for cyclo[Leu-DAla-Glu-D-Ala] in water, which had a concentration of 0.5 mg/mL due to solubility
constraints. In addition, the concentration of the peptides in methanol could have been
altered due to filtration of the samples.

To study the effects of DPC, 0.4 mg of

cyclo[Leu-D-Ala-Lys-D-Ala] was dissolved in 400 uL of a 3.5 mg/mL sample of DPC in
90% water and 10% methanol and 0.6 mg of cyclo[Leu-D-Ala-Glu-D-Ala] was dissolved
in 600 uL of a 3.5 mg/mL sample of DPC in 90% water and 10% methanol. The CD of
each peptide in each solvent was measured at 25°C from 190-260 nm. The sampling was
done every 1.0 nm and the averaging time was 1 second. Four scans were taken in each
solvent subtracted against the blank (the solvent), and divided by the respective molar
ellipticity.
Dilution Studies

A stock solution of cyclo[Leu-D-Ala-Lys-D-Ala] was made by dissolving 2 mg of
this peptide in 1.5 rnL of water. The CD of samples with the following concentrations
5

were measured: 6.954 x 10-4M, 3.477 x 10-4M, 1.739 x 10-4M, and 8.695 x 10- M. The
CD of these diluted solutions were measured at 25°C from 190-260 nm. The sampling
was done every 1.0 nm and the averaging time was l second. Four scans of each solution

17

were averaged, subtracted from the water blank, and divided by their respective molar
ellipticity constant.
A stock solution of cyclo[Leu-D-Ala-Glu-D-Ala] was made by dissolving 2 mg of
this peptide in 2 mL of TFE/water (1:1).

The CD of the peptide samples with the

following concentrations were measured: 2.602 x 10-3 M, 5.204 x 104 M, 2.602 x I 04 M,
and 1.301 x 104 M. The CD of these solutions were measured at 25 °C from 190-260 run.
The sampling was done every 1.0 run and the averaging time was 1 second. Four scans
of each solution were averaged, subtracted from the 50% aqueous TFE blank, and
divided by their respective molar ellipticity constant.
pH Studies

For cyclo[Leu-D-Ala-Lys-D-Ala], 0.4 mg of this peptide was dissolved in 400 uL
of 10 mM phosphate buffer with a pH of 7 and another 0.4 mg of this peptide was
dissolved in 400 uL of 10 mM phosphate buffer with a pH of 10.5. The CD of the
peptide was measured at each pH at 25°C from 190-260 run. The sampling was done
every 1.0 nm and the averaging time was 1 second.

Four scans at each pH were

,,

I

averaged, subtracted from the corresponding blank, and divided by the molar ellipticity
constant.
For cyclo[Leu-D-Ala-Glu-D-Ala], 0.6 mg of this peptide was dissolved in 600 uL
of 10 mM phosphate buffer with a pH of 4.3 and another 0.4 mg of this peptide was
dissolved in 600 uL of 10 mM phosphate buffer with a pH of 7. The CD of the peptide
was measured at each pH at 25°C from 190-260 nm. The sampling was done every 1.0

:,
,I
l

l8

nm and the averaging time was 1 second.

Four scans at each pH were averaged,

subtracted from the corresponding blank, and divided by the molar ellipticity constant.

CHAPTER IV
RESULTS

Effect of Temperature on Circular Dichroism
The CD of cyclo(Leu-D-Ala-Lys-D-Ala] in 50% aqueous TFE produced three
maxima at 190 run, 211 run, and 220 run and two minima at 200 run and 23 8 run at each
temperature (Figure 7). No common trend appeared in the molar ellipticity at 190 run,
however the molar ellipticity decreases at the other two maxima as the temperature is
increased whereas the molar ellipticity increases at both of the minima as the temperature
is increased. Common isodichroic points appeared at 205 run, 226 nm, and 246 nm.
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Figure 7. Variable temperature CD of cyclo[Leu-D-Ala-Lys-D-Ala]
at -10 cc(-), -5 cc(-), occ (-), 20 cc(---), 40 cc( ) , 60 ccc ) , 80 cc (----)
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The CD of cyclo(Leu-D-Ala-Glu-D-Ala] in 50% aqueous TFE produced three
maxima at 190 nm, 211 nm, and 222 nm and two minima appeared at 200 run and 238
nm at each temperature (Figure 8). At all of the maxima, the molar ellipticity tends to
decrease as the temperature is increased whereas the opposite occurs at the two minima.
Common isodichroic points appeared at 196 nm, 206 nm, 236 nm, and 246 nm.
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Figure 8. Variable Temperature CD of cyclo[Leu-D-Ala-Glu-D-Ala]
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Effect ofSolvents on Circular Dichroism
The CD spectra of cyclo[Leu-D-Ala-Lys-D-Ala] produced three maxima and two
minima in all of the solvents that were studied (Figure 9). When the CD of this peptide
was measured in water, a polar solvent, and in dodecyl phosphocholine (DPC), a
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nonpolar solvent, there was a resemblance between the wavelength at which the maxima
and the minima appeared in both solvents. In these two solvents, cyclo[Leu-D-Ala-LysD-Ala] produced three maxima at 190 run, 210 run, and 221 run and two minima at 199
nm and 239 run. The spectra of this cyclic tetrapeptide in water had a larger molar
ellipticity at the maxima and a smaller molar ellipticity at the minima than the spectra of
cyclo[Leu-D-Ala-Lys-D-Ala] in DPC had. In addition, the CD spectrum in water had the
largest molar ellipticity at all of the maxima than in the spectra of the other solvents.
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Figure 9. Solvent Study of cyclo(Leu-D-Ala-Lys-D-Ala]
in water(-), in DPC(-), in methanol( · · ), in TFE( ), in 50% TFE and 50% THF(- )

When TFE was the solvent, the maxima appeared at 190 run, 211 nm, and 220 run and
the minima appeared at 200 run and at 23 7 nm. In methanol, the CD produced three
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maxima at 190 nm, 212 nm, and 222 nm and two minima at 201 nm and 23 6 nm. The
spectrum in methanol had the smallest molar ellipticity at all of the maxima and the least
negative molar ellipticity at all of the minima When the CD was measured in TFE/THF
(1: 1), two maxima appeared at 214 nm, 221 nm, and 250 nm. Two minima appeared at

202 nm and at 236 nm. The wavelength range of this spectrum was ended at 200 nm due
to a high absorbance of oxygen below 200 nm. Although there were small shifts in the
wavelength at which the maxima and minima appeared, there was no drastic change in
the general conformation of cyclo[Leu-D-Ala-Lys-D-Ala].
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Figure 10. Solvent Study of cyclo[Leu-D-Ala-Glu-D-Ala]
in water (-), in DPC(-), in methanol( --), in TFE( ), in 50% TFE and 50% THF(-)
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When the CD was measured in each of the solvents, cyclo[Leu-D-Ala-Glu-D-Ala]
produced three maxima and two minima (Figure 10), except in TFEffHF (1: 1). Two
minima were produced but only two maxima appeared due the fact that the wavelength
range was ended at 200 nm. This cyclic tetrapeptide had the smallest molar ellipticity at
the maxima and the least negative molar ellipticity at the minima in TFE/THF (1:1). In
TFE/THF ( 1:1), the maxima appeared at 212 nm and at 219 nm and the minima appeared
at 200 run and at 238 nm in TFE. Just as the CD spectrum of the other cyclic tetrapeptide
in DPC resembled the CD spectrum in water, the same resemblance took place between
DPC and water. Both spectra have maxima at 190 nm, 209 nm, and 219 nm and minima
at 199 nm and at 239 nm. The CD spectrum in methanol produced maxima at 190 nm,
212 nm, and 222 nm and minima at 201 nm and 238 nm. The spectra in all of the
solvents produced the same general shape.
Effect ofDilution on Circular Dichroism

The concentrations of cyclo[Leu-D-Ala-Lys-D-Ala] in water that were measured
were 0.003477 M, 0.0006954 M, 0.0003477 M, 0.0001739 M, and 0.0008695 M (Figure
11 ).

At each concentration, three maxima and two minima appeared.

There was a

general trend at the maxima near 210 nm and 220 nm, in which molar ellipticity
decreased. At the two minima, the molar ellipticity increased to larger values. As in the
temperature, solvent, and pH studies, no significant changes occurred in the general
conformation of cyclo[Leu-D-Ala-Lys-D-Ala] as the concentration was varied.
The dilution study of cyclo[Leu-D-Ala-Glu-D-Ala] in 50% aqueous TFE was
performed using the concentrations: 0.002602 M, 0.0005204 M, 0.0002602 M, and
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0.0001301 M (Figure 12). At each concentration, the CD produced three maxima at 190
nm, near 210 nm and 220 nm and two minima near 210 nm and 240 run. As in the
dilution study of the other peptide, no drastic changes occurred in the dilution study of
cyclo[Leu-D-Ala-Glu-D-Ala].
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Figure 11. Dilution Study of cyclo[Leu-D-Ala-Lys-D-Ala] at 0.003477M (-),
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Effect ofpH on Circular Dichroism
To study the effects of pH on cyclo[Leu-D-Ala-Lys-D-Ala], the CD of this

peptide was measured in a pH 7 and in a pH 10.5 phosphate buffer solution. The
spectrum shows a close resemblance from 193-260 run (Figure 13). At 193 nm, the
molar ellipticity in the spectrum at pH 10.5 begins to increase larger than it increased in
the spectrum at pH 7. Maxima appeared in 221 nm and minima appeared at 199 run and
at 239 nm. As in the temperature and solvent studies, no drastic changes occurred in the
conformation of this peptide in the pH.
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Figure 13. pH Study of cyclo[Leu-D-Ala-Lys-D-Ala] at pH 7 (- ) and at pH 10.5 (-)
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At pH 4.3 and pH 7, cyclo[Leu-D-Ala-Glu-D-Ala] produced three maxima and
two minima (Figure 14). The maxima appeared at 192 run, 211 run, and 221 run and the
minima appeared at 199 run and at 240 run at pH 7. In addition, the peptide had the
largest positive and the most negative values of molar ellipticity in pH 7. At pH 4.3, the
maxima occurred at 190 nm, 211 run, and 222 run and minima occurred at 199 run and
224 nm. No significant changes occurred in the conformation of cyclo[Leu-D-Ala-GluD-Ala] at pH 4.3 or at pH 7.
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CHAPTERV
DISCUSSION AND CONCLUSION

The purpose of this study was to investigate the secondary structure and
conformational stability of cyclo[Leu-D-Ala-Lys-D-Ala] and cyclo[Leu-D-Ala-Glu-DAla] by varying the temperature, solvent, pH, and peptide concentrations.

When these

conditions were varied, the CD measurements of each cyclic tetrapeptide did not produce
any significant changes. In a report by Tamaki et al, the authors reported that a change in
the polarity of the solvent produced an inversion in the CD conformation of a cyclic
tetrapeptide. 41 However, no inversion in the CD conformations of cyclo[Leu-D-Ala-LysD-Ala] and cyclo[Leu-D-Ala-Glu-D-Ala] occurred during the solvent studies. The CD of
both peptides exhibited two positive bands at 211 run and 222 run and a third positive
band below 190 run and two negative CD bands at 200 nm and 238 nm. The general CD
profile of both peptides corresponded to a

f3-turn type structure.

11111

The CD spectra of both

II U
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IIII

cyclic tetrapeptides resembles the mirror image of the a-helix similar to that reported for
the sequence ofL-Pro-D-X. 39 The results indicate that cyclic tetrapeptides containing DAlanine adopt a variant of the type II P-turn structure, which is relatively stable.
ll
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